Introduction
Burns cause loss of the protective skin barrier and subsequent suppression of immune function [1] . Necrotic tissue remaining at the wound and exudation fluids also offer suitable bacterial environment which can lead to both wound and generalized infections. Thus, antibiotics are commonly used early to treat severe burn patients. Our previous research suggests that antibiotics are retained in the third space after early and short-term use of potent antibiotics and an antibiotic barrier is reported to form in the subeschar tissue fluid (STF) [2] [3], but they were lack of systematic investigations of antibiotic pharmacokinetics in sera and blister fluid samples. Numerous pathophysiological changes occur due to burn injury, and these changes may alter the pharmacokinetic characteristics of antimicrobial agents such as bioavailability, protein binding, volume of distribution, and clearance [4] - [9] . Amikacin, a member of the semisynthetic aminoglycoside family is a commonly used antimicrobial agent in burn units with broad spectrum antibacterial activity against pathogens, especially for intestinal tract Gram-negative bacteria and Pseudomonas aeruginosa [10] . Our objective was to characterize amikacin pharmacokinetics in serum and in blister fluid of severe burn patients to guide optimal treatment timing for this patient group.
Materials and Methods

Study Design
This was a prospective, open-labelled, non-randomized study of amikacin that was approved by the institutional review board of the hospital where the study was performed. Written informed consent was obtained from all patients or their legally designated representatives prior to study entry.
Antibacterial Agent
Amikacin sulfate (quantitate) was provided by Jin Ling Drug Manufacturer (Nan Jing, batch # D60901, 2 ml: 200 mg).
Instrumentation
A Tdx immuno-analyzer was purchased from Abbott Chicago, IL). A table-top, high-speed centrifuge was from Guangzhou Medical Instrument Company Guangzhou, Guangdong Province). A precise transferpettor was also from Guangzhou Medical Instrument Company. A standard amikacin kit and a quality control kit were produced from Abbott (Chicago, IL). Amikacin was used at a concentration of 0 -50 g/ml and samples were analyzed by fluorescent polarization immunoassay (FPIA) using a Tdx immuno-analyzer.
Patient Selection
The study group included adult patients admitted to the First Municipal Hospital of Guangzhou Burn Unit, 2 to 30 h after burn injuries, and patient selection criteria were as follows: ≥18 years-of-age, thermal injuries involving ≥30% total body surface area (TBSA) and creatinine clearance (CLCR) of ≥50 ml/min. Patients with a history of amikacin use in the previous 2 weeks, or those receiving any drugs capable of interfering with the pharmacokinetics of amikacin were excluded from the study. Complete medical histories and physical examinations were obtained for each enrolled subject, and laboratory data for serum chemistries and hematology profiles were obtained and reviewed prior to sample collection for pharmacokinetic analysis. All subjects were monitored for adverse effects of amikacin throughout the duration of the study.
Patients
Severely burned patients with thermal injuries to ≥30% of the TBSA (TBSA; N = 32, 22 males) were enrolled in this study, but only 9 patients donated blood ( Table 1 and Table 2 ) depict their characteristics.
Drug Administration
Patients (N = 32) were divided into four groups (N = 8) based on amikacin administration timing and groups received drug minutes to hours after injury, all groups had second and third degree burns. For custom and security considerations, in Groups A, B, C, and D, amikacin (400 mg, IV, using a programmable pump) was administered 3 -4, 10, 20 and 30 h post burn injury, respectively. Next, blister fluid and venous blood samples were obtained at 0, 0.5, 1, 2, 3, 4, 5, 6, and 7 h after drug infusion. Blister fluid was collected from intact blisters (1 -2 ml). All patients received standard resuscitation and burn wound care. Amikacin concentrations were measured with a FPIA and pharmacokinetics were deduced using DAS3.2.5. Statistical analyses performed with SPSS13.0.
Sample Collection and Storage
Blister fluid was collected with a syringe at 0, 0.25, 0.5, 1, 2, 3, 4, 5, 6, and 7 h after drug infusion and blood was sampled on the same time line. Blood samples were centrifuged at 4000× g for 10 min and then both sera and fluid were placed into polypropylene containers and frozen at -70˚C and thawed prior to use.
Sample Assay
Amikacin concentrations in sera and blister fluid samples were measured using a FPIA and drug pharmacokinetics was measured using DAS3.2.5. Drug analysis system statistical software was used to analyze data using new drug statistical processing software.
Statistical Analysis
Amikacin pharmacokinetic data were statistically analyzed using the leading free statistical software package, SPSS13.0, by Softonic. Groups were compared using a two-sided Student's t test (P < 0.05 was considered statistically significant).
Results
Amikacin in the serum peaked after infusion and compared to healthy patients, burn patients had shorter drug half-lives. Figure 1 , Table 3 and Table 4 depict these data. Amikacin was higher in the blister fluid of groups A and B at each time point (P < 0.05). Figure 2 and Table 5 depict these data. Compared to groups C and D groups, groups A and B had higher AUCs and shorter drug half-lives (P < 0.05). Table 6 depicts these data. Table 4 . Serum pharmacokinetics for amikacin. 
Patient AUC(0-t) mg/L * h AUC(0-∞) mg/L * h AUMC(0-∞) h * h * mg/L MRT(0-∞) h VRT(0-∞) h
Discussion
Burn wounds are optimal injuries for bacterial invasion and infection and sepsis are leading causes of death in severe burn patients. Thus, preventing wound infection or reducing bacterial toxin absorption is critical for preventing generalized infections, suggesting that rational antibiotic use is necessary for severe burn patient treatment. Table 6 . Pharmacokinetic parameters of amikacin in patient groups (n = 8) Mean ± SD. Documenting the best antibiotic regimen for drug accumulation and sustained residence time within burn wounds was the focus of our work. Our data suggest that when amikacin was administered 3 -4 h post burn (Group A), maximal drug concentration was reached in blister fluid at 1.25 h ( Table 6 ) and this decreased after the infusion. Group B was similar (amikacin given 10 h post-burn) and amikacin peaked at 1.75 h ( Table 6) , which was significantly higher than serum concentrations measured at 3, 4, 5, 6, 7 h after infusion. From Groups C and D, we observed that C max was low, significantly lower than Groups A and B Groups (P < 0.05) and Groups A and B had greater drug concentrations at each time point compared to Groups C and D (P < 0.05 or P < 0.01), especially 1 h post-infusion (Table 5) . Furthermore, the amikacin concentration in Groups A and B were higher than most MIC 50 (≤5 g/ml) of common pathogenic bacteria [11] , including Pseudomonas aeruginosa which is a common burn unit pathogen [12] . In contrast, amikacin concentrations in Groups C and D were less than MIC 50 for common pathogenic bacteria [11] . Therefore, we suggest that giving amikacin within 10 of a burn injury is useful and may form an "antibiotic barrier" around the burn wound to prevent invasive infection, such as Staphylococcus aureus and Pseudomonas aeruginosa. Also, amikacin administration 20 or 30 h after a burn may not offer anti-infective effects. Thus, later amikacin administration may require higher doses.
In healthy young adults (t 1/2z = 2.1 + 0.2 h) [13] , the serum half-life of amikacin (t 1/2z = 1.59 + 0.34 h) was significantly shortened in severe burn patients at early stages, a finding that was in agreement with data from Zaske's laboratory [14] . Charles's group [15] considered this to be related to increased glomerular filtration and renal clearance of the drug. Also, increased capillary permeability and rapid wound exudation and increased nonrenal clearance rates contribute to alterations of drug pharmacokinetics [5] [16] .
In short, early administration of amikacin to severe burn patients increased the drug concentration in blister fluid and prolonged the drug half-life. This enabled blisters to form an "antibiotic barrier" around the wound surface to prevent invasive infections. These data strongly suggest early short-term antibiotic use to reduce overall doses administered during the patient hospital stay, which improves patient care and decreases healthcare costs.
